In this research, an ion milling equipment was used to elaborate nanoparticles from Cu-Zn-Al alloys with shape memory effect. Two different compositions were used, target A: 75.22Cu-17.12Zn-7.66Al at % with an Ms of -9 °C and target B: 76.18Cu-15.84Zn-7.98Al with an Ms of 20 °C. Nanoparticles were characterized by High Resolution Transmission Electron Microscopy, Electron Diffraction and Energy Dispersive X-ray Spectroscopy. The obtained nanoparticles showed a small dispersion, with a size range of 3.2-3.5 nm. Their crystal structure is in good agreement with the bulk martensitic structure of the targets. In this sense, results on morphology, composition and crystal structure have indicated that it is possible to produce nanoparticles of CuZnAl shape memory alloys with martensitic structure in a single process using Ion Milling.
Introduction
Nanoparticles have different properties in comparison with bulk or even microparticles. This makes nanoparticles desirables for some applications, e.g. when a liquid is doped with metal particles in order to improve conductivity or heat transfer process. If those particles are in micrometer size or higher range they could get stuck into the pipe. Instead, nanoparticles flow better and they have 20% of their atoms near of the surface, allowing them to absorb and transfer heat more efficiently 1 . CuZnAl alloys exhibit, in a certain range of composition, the Shape Memory Effect (SME), i.e. when a material have the capacity to recover their shape with a simple heating after suffer an apparent plastic deformation. SME is due to martensitic-austenitic phase transformation depending on the temperature. The lattice structure changes in CuZnAl alloys associated with the martensitic transformation are from the crystal structure DO 3 or L2 1 at higher temperature (austenitic phase) to 18R (martensitic phase) at lower temperature. Along with this phase transformation occurs significant changes in mechanical, physical, chemical, electrical and optical properties, including yield stress, elastic modulus, damping, hardness, electrical resistivity, thermal conductivity, thermal expansion and surface roughness [2] [3] [4] [5] [6] [7] [8] . These changes in properties could be exploited in nanoparticles if the martensitic-austenitic transformation occurs.
The influence of the grain size in the properties of Shape Memory Alloys (SMA) has been observed in different systems, especially the dependence of the martensitic transformation behaviour in nanostructured SMA. It has been reported that the transformation takes place in bulk materials after a severe deformation and different heat treatments when the grain size of the alloy is around 40 nm [9] [10] [11] [12] [13] . The development of SMA with controlled grain size is interesting for applications. It must be pointed out that, in bulk materials with nanograins, SME could be limited by grain size [14] [15] . It was suggested that grain boundaries hinder the transformation. However grain boundaries should not be a limitation in nanoparticles, so it can be expected that the transformation will take place.
There are different methods for elaborating nanoparticles. They could be chemicals or physicals. Using physical methods, a good option to elaborate metallic and bimetallic nanoparticles, good results in stoichiometry can be obtained 16 . In the present study, metallic nanoparticles are elaborated from CuZnAl SMA bulks using a physical method, ion milling, trying to reproduce the chemical composition and the structure of the bulk. Ion milling is a physic process that involves physical vaporization of atoms from a surface by bombarding with a focused beam of energetic ions. In this work, a commercial ion milling equipment was used to elaborate nanoparticles from CuZnAl SMA. These nanoparticles were collected on a substrate or in a copper grid with lacey carbon for their later characterization by transmission electron microscopy (TEM). This process has previously proved its efficacy in the field of metallic and bimetallic nanoparticles deposition (Ti, Ni and TiNi) [16] [17] [18] . The results obtained in this work also have shown that by this method, the structure of ternary CuZnAl alloys can be reproducible.
Experimentation
In this work, two different samples of Cu-Zn-Al SMA with different compositions were used as target. The samples were fabricated at the University of Bariloche, Argentina. The composition and the martensitic transformation temperature of the alloys were: of 75.22Cu-17.12Zn-7.66Al at % with an Ms of -9 °C for the sample A and of 76.18Cu-15.84Zn-7.98Al with an Ms of 20 °C for the sample B.
Targets were first characterized using X-ray diffraction (XRD) and electron dispersive spectroscopy (EDX). The chemical composition of the targets was verified semiquantitatively with the EDX. XRD results at room temperature have indicated the coexistence of austenite and martensite phases in sample A, and only martensite phase was observed in sample B, in agreement with the measured Ms temperatures of -9 °C and 20 °C, respectively.
After their characterization, the targets were bombarded with Ar + ions accelerated at 5 keV in an ion milling Gatan 691. The material removed from the target was collected on TEM copper lacy coal grids. The morphology and structure of the nanoparticles were characterized with a Philips Tecnai 20 FEG equipped with EDX and STEM (scanning transmission electron microscopy) modules, a Jeol 2010F TEM and a JSM-F7500 Jeol SEM in STEM mode.
Results and Discussion

Characterization of nanoparticles from sample A with an Ms of -9 °C
The micrograph of Figure 1a shows TEM images from sample A, where the size and distribution of the nanoparticles can be observed. The chemical analysis obtained "in situ" with the EDX detector of the TEM is not shown. The composition analysis was only qualitative due to the Cu of the grid and the specimen holder of the microscope. In order to avoid this effect in future works, grids of Ni or Mo should be utilized. Moreover, it can be confirmed that the three elements of the bulk material are presented. After TEM micrographs, the size distribution of the nanoparticles was measured. An example is shown in Figure 1b where the number of nanoparticles was plotted against size. From those analyses the average size obtained is of 3.5 ± 0.5 nm.
In order to obtain information on the crystal structure of the nanoparticles and to identify the existing phases, diffraction pattern simulation (FTP) using the Fourier Transform of the high resolution transmission electron microscopy (HRTEM) images was done. Some examples are shown in Figure 2 , where nanoparticles were selected and its FTP was obtained. The FTP is shown in the right side of each nanoparticle. Unfortunately the quality of the images and the corresponding FTP could not be improved because the nanoparticles are drifting after few seconds for all the observation conditions in the TEM. With the deficiencies revealed above, the distances measured in the FTP are in better agreement with that corresponding to the martensite phase. However, only the austenite phase is present in the bulk sample A. The last could be explained if there are small changes in chemical composition of the nanoparticles, shifting the phase transformation temperatures. On the other hand, during TEM observations the samples are cooled with liquid nitrogen and drift of the nanoparticles is always observed. Only after several seconds below of electron beam, both effects, small composition variations and low temperature TEM observation, can induce the formation/transformation of the martensite phase in the nanoparticles, even if the phase of the bulk material target was the austenite. The last behaviour is a potential explanation of the drift observed. The comparison of the interplanar distances from four nanoparticles and distances of the bulk material in martensite phase are shown in Table 1 . Table 1 shows the interplanar distances of bulk material in the martensite phase (left), the interplanar distances of nanoparticles from the sample A (center) and finally the corresponding plane to the martensite phase. The distances presented in this table correspond to the nanoparticles of Figure 2 . It must be noted that many other nanoparticles were analysed and in most of them the measured distances are in better agreement with the martensite phase. However, pure copper nanoparticles were also found, in good agreement with the change in chemical composition that was suggested.
It should be pointed out that with this sample was not possible to obtain a good electron diffraction image due to the constant drift of the nanoparticles below the electron beam when the TEM was in image/diffraction conditions. Other nanoparticles have presented these fluctuations when they are exposed to the electron beam, as was reported by W. Krakow et al. 20 . This suggest that, if the nanoparticles are in the martensitic phase, the electron beam could induce the phase transformation to a more stable phase (austenite) by increasing the nanoparticles temperature during its observation, being the origin of the instabilities observed during TEM analysis of the nanoparticles. Unfortunately it was not possible to measure and control the temperature of the sample to prove "in situ" the phase transformation, because of the TEM holder used in this work.
Characterization of nanoparticles from sample B with an Ms of 20 °C
The analysis of sample B followed the same procedure than the one of sample A. In Figure 3a it can be seen a homogenous distribution of nanoparticles indicating the efficiency of this method to elaborate nanoparticles with homogeneous size. The chemical composition after EDX spectra obtained "in situ", not shown here, indicate that the three elements of the bulk target are presented. In the the sample B are in martensite phase, the same obtained in sample A. In Table 2 , the average interplanar distances measured are in agreement with that corresponding to the bulk martensite phase. Finally, in order to corroborate the last results, a selected area electron diffraction pattern was obtained from sample B. The interplanar distances were measured and indexed according to a martensite phase ( Figure 5 ). These results reaffirm previous results obtained from FTP simulations in 2D, so it could be confirmed that the nanoparticles keep the same phase of the bulk material used as targets, even thought, very probably with small differences in their composition and therefore in their transformation temperature (Ms). The results obtained in this study and the previously documented researches with TiNi alloys [16] [17] [18] are in agreement that this method of synthesis is a very promising to obtain binary and ternary nanoparticles from metallic alloys. Figure 3b , the size distribution of nanoparticles is presented; the average size of the nanoparticles is around 3.2 nm.
As can be observed, according to the interplanar distances measured from the FTP in Figure 4 , the nanoparticles from 
Conclusions
Two different compositions of CuZnAl alloys with shape memory effect have been used as target to elaborated nanoparticles by ion milling. Synthetized nanoparticles have a homogenous size of around 3.2-3.5 nm. The chemical compositions of nanoparticles obtained qualitatively by EDX have confirmed the presence of the three elements of the bulk material (Cu, Zn and Al). On the other hand, results of EDX have shown that it was not possible to have a complete control on the composition of all the nanoparticles. For this reason, in the same deposit it is possible to find differences in compositions between the elaborated nanoparticles. One important thing to notice is that the zinc remains in a very good proportionality in the synthetized nanoparticles, which is very hard by other methods due to its very low melting point. These results are really encouraging to keep researching in this area due to the possible applications of these nanoparticles.
Further work must be done with a special heating TEM holder to prove if the nanoparticles with martensitic or austenitic phase show the phase transformation and determine the transition temperature.
